


W 

c 

0.0 ....... ............... ... . . . . . . . . . . . . . . . .  . . . . . .  * .  .. ... . . . . . . . . . . . . . . . .  
0.. ........................ 0 .  - 
NATIONAL AERONAUTICS AND SPACE ADMINISMON 

TECHNICAL MEMORANDUM x-602 

STATIC LONGITUDINAL AERODYNAMIC CHARACTERISTICS OF A MODEL 

OF A TWO-STAGE VERSION OF A SATURN LAUNCH VERICU 
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By James R .  Morgan and Roger H. Fournier 

SUMMARY 

The s t a t i c  longitudinal aerodynamic charac te r i s t ics  of a model of a 
two-stage version of a Saturn launch vehicle with a possible Apollo pay- 
load shape were investigated i n  the Langley Unitary Plan wind tunnel. 
The e f f ec t s  of an escape tower attached t o  the payload and two arrange- 
ments of octaform f i n s  attached t o  the r ea r  section of the  first stage 
were determined. The investigation was conducted over a Mach number 
range from 1.57 t o  2.87 and an angle-of-attack range from about -8O t o  8O. 

The r e s u l t s  of t h i s  investigation indicate  tha t  the addition of an 
escape tower t o  the model (with f o u r  large cruciform f i n s  and four stub 
cruciform f i n s  in te rd ig i ta ted  with the  large f i n s  and attached t o  the 
base of the model) causes abrupt changes i n  the slope of the pitching- 
moment curves. Replacing the  four large cruciform f i n s  with four stub 
f i n s  ( resu l t ing  i n  an octaform stub-fin arrangement) shifts the center of 
pressure forward about 1.46 model diameters. 

INTRODUCTION 

Wind-tunnel investigations are  being conducted by the National 
Aeronautics and Space Administration t o  determine the s t a t i c  longitudinal 
aerodynamic charac te r i s t ics  of Saturn launch vehicles.  A s  par t  of t h i s  
program, t e s t s  have been made a t  supersonic speeds on a model of a two- 
stage version of a Saturn launch vehicle with a proposed Apollo payload 
shape with two octaform f i n  arrangements a t  the base of the model. I n  
one configuration, the  f i n  arrangements contain four large s tab i l iz ing  
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cruciform f i n s  with four stub cruciform f i n s  
large f ins;  and i n  the second configuration, 

in te rd ig i ta ted  with the .. 
the  f i n  arrangement was an - 

octaform grouping of stub f i n s .  In  addition, the  e f f ec t s  of an escape 
tower, similar t o  t h a t  used i n  Project Mercury, attached t o  the  Apollo 
payload shape were determined fo r  the combination of large and stub f i n s  
i n  octaf o m  arrangement. 

This investigation w a s  conducted i n  the  Langley U n i t a r y  Plan wind 
tunnel a t  Mach numbers from 1.57 t o  2.87 over an angle-of-attack range 
from about - 8 O  t o  8'. 

Transonic r e su l t s  f o r  a similar model a re  presented i n  reference 1. 

COEFFICIENTS AND SYMBOLS 

The data of t h i s  investigation a re  presented about the system of 
axes shown i n  figure 1. 
located on the model center l i n e  a t  9.176 inches from the base of the 
model. 
location during f l i g h t  over a Mach number range from about 2.9 t o  3.5. 
The coefficients and symbols are  defined as follows: 

Moment coeff ic ients  are referred t o  a point 

This moment center corresponds t o  the  fu l l - sca le  center-of-gravity 

CA 

c A a , O  

Cm 

C 
ma 

CN 

c% 

d 

M 

axial-force coefficient,  Axial force 

axial-force coeff ic ient  a t  a = 0' 

GIs 

Pitching moment pitching-moment coefficient,  
qSd 

slope of pitching-moment coeff ic ient  curve a t  a = 00, 
~ s, per degree 

ha 

slope of normal-force coeff ic ient  curve a t  a = oO, 

-, acN per degree 
aa 

reference diameter (diameter of a c i r c l e  which would enclose 
f i r s t - s t age  tanks), 4.130 inches c 

.0 
Mach number 

I 

- 
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free-stream dynamic pressure, 0.7 pM2, lb/sq f t  

reference area (cross-sectional area of c i r c l e  which would 
enclose f i r s t - s t age  tanks), 0.0929 sq f t  

locat ion of center of pressure i n  body diameters from moment 
center (posi t ive n l u e s  are upstream of moment center) 

angle of a t tack  of model center l i ne ,  deg 

Reynolds number 

radius 

free-stream static pressure, lb / sq  f t  

free-stream stagnation pressure, lb/sq i n .  

coordinate axes 

MODEL AND APPARATUS 

The model consisted of a two-stage version of a Saturn launch vehicle 
with a proposed Apollo payload and two octaform f i n  arrangements at the 
base of the model. (See f i g .  2(a) .) An escape tower, similar t o  t ha t  of 
Project Mercury, was attached t o  the Apollo by three rods which formed, 
i n  cross section, an equ i l a t e ra l  t r iangle .  
i n  the  horizontal  plane ( f ig .  2(b)) and on the lower side of the model. 
The f i n  arrangements contained a combination of four  large s t ab i l i z ing  
cruciform f i n s  and four  stub cruciform f i n s  in te rd ig i ta ted  with the large 
f i n s  and an octaform arrangement of stub f i n s .  (Fin d e t a i l s  a r e  shown i n  
f i g .  2( c )  .) 
coincided with the large f i n s .  
i n  figure 3. 

The base of the t r i ang le  was 

The model was oriented so that the p i tch  and y a w  planes 
Photographs of the models a re  presented 

The t e s t s  were conducted i n  the  low Mach number test  section of the 
Langley Unitary Plan wind tunnel. 
continuous, return-flow type with a t e s t  section 4 f e e t  square and 
approximately 7 feet i n  length. 
vides a means t o  vary the Mach number continuously from 1.57 t o  2.87. 

This tunnel i s  a variable-pressure, 

An asymmetric s l id ing  block nozzle pro- 

Forces and moments act ing on the model were measured by an in t e rna l  
strain-gage balance. 
model-sting combination attached t o  a remotely operated adjustable angle 

The model support system consisted of a balance- 
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M pt, lb/sq i n .  9, W s q  ft 

1-57 10 .o 611 
1.80 12 .o 682 
2.16 14.7 688 
2.87 22.5 619 

4 - a 

R / f t  

2.70 X lo6 
3 0 0 0  
3.14 
3 -15 

d coupling connected t o  the  tunnel central  support system. Pressure meas- 
urements a t  the base of the model were made with a pressure-sensitive 
e l ec t r i ca l  pickup. 

TESTS 

The model configurations tes ted  include the  two-stage Saturn launch 
vehicle, four-large- and four-stub-fin arrangement and the  Apollo payload 
with and without escape tower. Also the two-stage launch vehicle, Apollo 
payload with escape tower, and an eight-stub-fin arrangement was tes ted .  
A l l  model configurations were tes ted  through an angle-of-attack range 
f r o m  about -8' t o  8' a t  an angle of s ides l ip  of Oo at  Mach numbers of 
1.57, 1.80, 2.16, and 2.87. 
lowing table: 

Test conditions a re  summarized i n  the  f o l -  

Transition was fixed on the  nose of the model by means of a l/8-inch- 
wide band of 0.009-inch-diameter roughness pa r t i c l e s .  
determine the roughness height i s  presented i n  reference 2. Roughness 
par t ic les  of 0.005 inch were determined from t h i s  method but, by visual  
inspection of shadowgraphs during progress of the t e s t ,  the  0.005-inch 
t rans i t ion  pa r t i c l e s  did not appear t o  produce a turbulent boundary layer  
a t  the t r ans i t i on  location. Therefore, the pa r t i c l e  s ize  was increased 
t o  0.009 inch and t h i s  s ize  pa r t i c l e  a,ppeared t o  produce t rans i t ion .  
Location of the t r ans i t i on  s t r i p  i s  shown i n  figure 2 (a ) .  

The method used t o  

CORRECTIONS AND ACCURACIES 

A l l  angles of a t tack  have been adjusted f o r  flow angularity and 
s t ruc tura l  deflection of the  sting-balance combination under load. 
Axial-force coefficients have been adjusted t o  correspond t o  free-stream 
s t a t i c  pressure act ing a t  the  base of the model. 
of the loca l  Mach number i n  the  region of the tunnel occupied by the 
model i s  f O . O l 5 .  
the  coefficients,  based on balance ca l ibra t ion  and repea tab i l i ty  of the 

The m a x i m u m  deviation 

The estimated accuracies of the  angle of a t tack  and 
c 
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data, a r e  within the following limits: 

a, deg . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f O . l  
CN . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.026 
c m .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  f0.021 

C A .  . . . . . . f0.005 

PIiESENTATION OF RESULTS 

The r e s u l t s  of t h i s  investigation a re  presented i n  the following 
f igures  : 

Figure 
Schlieren photographs . . . . . . . . . . . . . . . . . . . . . .  4 

Model w i t h  large and stub f in s ,  escape tower off . . . . . . .  5 
Model with la rge  and stub f in s ,  escape tower on . . . . . . .  6 
Model with stub f i n s  only, escape tower on . . . . . . . . . .  7 

a 

Longitudinal character is t ics :  

Summary of the longitudinal charac te r i s t ics  . . . . . . . . . . .  

DISCUSSION 

The r e s u l t s  of t h i s  investigation are  presented herein without 
analysis .  
discussed b r i e f ly .  

However, some observations were made on the r e s u l t s  and a re  

In general, the  var ia t ion of the pi tching moment with angle of 
a t tack  i s  nonlinear for  a l l  model configurations tes ted .  (See f i g s .  5 
t o  7.) 
i n  the slope of the pitching-moment curves (compare f i g s .  5 and 6 )  and 
s h i f t s  the center of pressure rearward about 0.35 model diameters at  
M = 1.57. 
probably causes the slope changes i n  t he  pitching-moment charac te r i s t ics .  

It should be noted that the apparent s tab i l iz ing  e f f ec t  of the 
escape tower occurs over a small angle-of-attack range near Oo and does 
not a f f ec t  the s t a b i l i t y  character is t ics  a t  the higher angles of a t tack .  
The normal-force charac te r i s t ics  were unaffected by the escape tower; 
however, the axial-force coefficients a re  reduced throughout the Mach 
number range. 
of the weaker bow compression coming from the escape tower, whereas, a 
much stronger bow compression ex is t s  without the  tower. 

Addition of the escape tower t o  the model causes abrupt changes 

Flow separation over and immediately back of the tower 

(See f i g .  8.) This reduction i n  ax ia l  force i s  a r e s u l t  
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The model configurations with the  large and stub f i n  akrangement 
a re  stable f o r  the t e s t  moment-center location and Mach numbers. The 
t e s t  moment-center location i s  somewhat (about 0.lld) forward of the 
center-of-gravity location f o r  f l i g h t  a t  the t e s t  Mach numbers. Conse- 
quently, the f l i g h t  s t a b i l i t y  l eve l  of these configurations would be 
reduced f r o m  those presented herein, and a near-neutral stabil i ty l eve l  
would resu l t  a t  the higher Mach numbers. Although there  are many condi- 
t ions  which must be considered i n  determining the acceptable l eve l  of 
s t ab i l i t y ,  one of the more c r i t i c a l  i s  s t ruc tu ra l  loading. From t h i s  
viewpoint, a configuration of low s t a b i l i t y  would not experience the 
s t ruc tura l  problems of a configuration having large s t a b i l i t y  or  large 
in s t ab i l i t y .  

Replacing the four large cruciform f i n s  with four stub cruciform 
f i n s  ( resu l t ing  i n  an octaform stub-fin arrangement) s h i f t s  the center 
of pressure forward by as much as 1.46 model diameters a t  
0.66 diameter a t  
t i o n  resu l t s .  

M = 1.57 and 
( f i g .  8); therefore, an unstable configura- M = 2.87 

CONCLUDING REMARKS I 

The results of wind-tunnel t e s t s  of a model of a two-stage version 
of a Saturn launch vehicle with a proposed Apollo payload and two octa- 
form f i n  arrangements over a Mach number range from 1.57 t o  2.87 indicate  
t h a t  the addition of an escape tower t o  the configuration with four large 
s t ab i l i z ing  cruciform f i n s  and four stub cruciform f ins ,  in te rd ig i ta ted  
with the large f in s ,  causes abrupt changes i n  the  slope of the pitching- 
moment curves. 
cruciform f ins ,  resu l t ing  i n  an octaform stub-fin arrangement, s h i f t s  
the  center of pressure forward as much as 1.46 model diameters. 

Replacing the  four  large cruciform f i n s  with four stub 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley A i r  Force Base, Va., August 2, 1961. 
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Figure 3.- Photographs of  the models tes ted.  L-61-4792 d 
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Figure 5.- Aerodynamic character is t ics  i n  p i tch  of the model without 
escape tower and four large and four stub f ins .  
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Figure 6.- Aerodynamic characteristics in pitch of the model with escape 
tower and four large and four stub fins. 
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Figure 8.- Summary of the aerodynamic charac te r i s t ics  i n  p i tch  of a l l  
model configurations tes ted .  .1 
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